INTRODUCTION {#sec1_1}
============

Gastrointestinal infections are major causes of morbidity and mortality throughout the world and particularly in developing countries where mortality rate due to infectious diarrhoea could be as high as 56% ([@B1]). Children and young adults are the most affected, particularly in regions with limited resources and where hygienic measures are not strictly followed ([@B2]). In Africa, diarrhoea has been estimated to be responsible for 25--75% of all childhood illnesses ([@B3]), and episodes of diarrhoea led to about 14% of outpatient visits and 16% of hospital admissions and accounted for an average of 35 days of illness per year in children aged less than five years ([@B4]). Causes of diarrhoea in endemic areas include a wide variety of bacteria, viruses, and parasites. Intestinal parasites are associated with serious clinical diseases and mortality and are known to cause malnutrition and impairment of physical development in children and affect their growth and learning. It is, thus, necessary to have a fairly-accurate picture of the situation to target interventions in affected areas.

It has been suggested that intestinal parasites occur at unacceptably high levels throughout South Africa ([@B5]). However, accurate data on prevalence for the whole country are not currently available. With the exception of mapping being undertaken by researchers in KwaZulu-Natal, the medical geography of intestinal parasitic infections is stale, very fragmented, and almost useless for planning, implementing, and monitoring effective interventions ([@B5]). In Cape Town, surveys at primary schools in urban and rural communities have revealed that the prevalence of soil-transmitted helminthiasis ranges from 7% to 83% ([@B3]). However, there is scanty information, if any, on the prevalence of intestinal parasitic infections in Limpopo province.

Bacterial organisms, such as *Campylobacter* spp., *Salmonella* spp., *Shigella* spp., and different groups of enteropathogenic *Escherichia coli* are well-known as causes of gastrointestinal diseases all over the world. These organisms have been demonstrated in water and stools from the Venda region ([@B6]). Infections by most of these organisms can be asymptomatic, or can be treated with rehydration solutions, particularly in the case of viruses and some bacteria. The use of antibiotics might shorten the duration of diarrhoea and limit the shedding of the organisms which otherwise might continue to pollute the environment and pose further risk of transmission of infections. Antibiotics, such as erythromycin and gentamicin, are effective against *Campylobacter* spp. in some communities ([@B7]). However, antimicrobial resistance is an overgrowing problem, and there is a need to monitor the susceptibility of common bacterial isolates to drugs used in the community to provide guidelines for the empirical treatment of bacterial infections. In the present study, we determined the prevalence of intestinal parasitic and bacterial pathogens in diarrhoeal and non-diarrhoeal stools of individuals in Vhembe district and the antimicrobial susceptibility of important bacterial isolates.

MATERIALS AND METHODS {#sec1_2}
=====================

Study sites and sample collection {#sec1_2_1}
---------------------------------

The study was a cross-sectional survey of intestinal parasitic and bacterial pathogens and was conducted in Vhembe district, South Africa, from October 2003 to April 2005. De-identified stool samples were randomly collected from pupils of two public primary schools and from patients attending three main public hospitals in the region, including Elim, Vhufuli and Tshilidzini hospitals. At the primary schools, the teachers distributed sterile plastic bottles to the pupils whose parents consented to participate in the study. The bottles were brought home, and the samples were collected the next morning. The samples were then transported in cooler bags to the Microbiology Laboratory at the University of Venda, in Thohoyandou, within two hours of collection. Samples not analyzed the same day were kept in the freezer at −20 °C. In total, 823 stool samples were collected. Five hundred twenty-eight samples were collected from patients attending the three public hospitals in Vhembe district, with abdominal complaints or diarrhoea (based on the physical presentation of the sample) while 295 were from apparently asymptomatic pupils attending two public primary schools. The samples were further tested for parasitic and bacterial organisms. No attempt was made to detect viruses from the stool samples.

Microscopic examination {#sec1_2_2}
-----------------------

A wet mount was prepared for each sample and observed under the light microscope for eggs and trophozoites of various parasites. The stool samples were further treated by the formalin/ethyl acetate concentration procedure, and a permanent slide was prepared for each sample to confirm the results. Only samples that gave positive results for each organism by both the methods were considered positive. Doubtful results---positive with only one method---were not considered.

Detection of *Cryptosporidium* and other coccidian oocysts {#sec1_2_3}
----------------------------------------------------------

The modified Ziehl Neelson staining procedure was used for detecting *Cryptosporidium* and other coccidian oocysts, including *Cyclospora cayetanensis* and *Isospora belii*, from the stool samples.

Bacterial isolation and identification {#sec1_2_4}
--------------------------------------

The bacterial organisms, including *Salmonella* spp., *Aeromonas* spp., *Plesiomonas shigelloides*, *Vibrio* spp, and *Shigella* species, were isolated using standard microbiological methods as previously described ([@B6]), with some modifications for *Campylobacter* spp. isolated using the filter method as described in the Cape Town protocol ([@B8]) and confirmed by the haemagglutination test-kit---'Campy dry spot'---from Oxoid, England, as recommended by the manufacturer.

Antimicrobial susceptibility of bacterial isolates {#sec1_2_5}
--------------------------------------------------

The antimicrobial susceptibility of five bacterial species to 14 antibiotics was determined using the Kirby-Bauer disc-diffusion method with standard antibiotic discs according to the National Committee on Clinical Laboratory Standards (NCCL), now known as Clinical and Laboratory Standard Institutes (ICLS) standards. The diameters of the zones of inhibition were measured with a calliper in mm, and the results were interpreted according to the recommendations of the NCCLS for Enterobacteriaceae ([@B9]).

Ethical issues {#sec1_2_6}
--------------

The Research and Ethics Committee of the University of Venda, South Africa, approved the research protocol. Authorizations to collect samples from schools and public-health institutions were obtained from the Department of Health and of Education, Limpopo province, South Africa. Informed consent was obtained from all the participants either directly or through their legal and competent guardians.

Statistical analysis {#sec1_2_7}
--------------------

Statistical analysis was performed by the chi-square test. The differences were considered significant when the p value was less than 0.05.

RESULTS {#sec1_3}
=======

Demographic information of study population {#sec1_3_1}
-------------------------------------------

The patients were aged 1--88 year(s), with the median age at the hospital being 26.4 years. At the schools, the children were aged 5--15 years, with the median age at 11.8 years. At the hospital, 290 (55%) of the study subjects were female while 238 (45%) were male. The large majority (69.9%) of the study subjects were aged 10--39 years. Of the 528 samples, 269 (51%) were diarrhoeal (based on the physical presentation of the sample) while 259 (49%) were non-diarrhoeal (formed). Diarrhoeal samples were obtained from all age-groups. However, diarrhoea was more common among children (78%) aged less than five years. At the schools, 165 (56%) pupils were female, and 130 (44%) were male. Of the 295 samples collected from the schools, 39 (13.2%) were diarrhoeal (unformed), with a higher percentage among pupils aged less than five years (29%) compared to those aged more than five years (11.8%).

Prevalence of parasitic infections {#sec1_3_2}
----------------------------------

Intestinal parasites were found in 560 (68%) of the samples, with different parasitic profiles between the patients attending the hospitals and the school children. At the hospitals, *E. histolytica/dispar* (34.2%) were the most common organisms found in diarrhoeal stool samples, followed by *Cryptosporidium* (25.2%) and *Blastocystis hominis* (17.8%) compared to 9.3%, 17.7%, and 1.9% respectively in non-diarrhoeal samples (p\<0.05 for all the three organisms). *G. lamblia* and *C. cayetanensis* were also associated with diarrhoea among hospital attendees (p\<0.05). At the schools, *E. histolytica/dispar* and *Cryptosporidium* were not associated with diarrhoea (p\>0.05), although *Cryptosporidium* was common in this population (17.9% in diarrhoeal samples and 14.4% in non-diarrhoeal samples). *G. lamblia* (12.8%), *Cyclospora* (7.7%), and *Isospora* (5.1%) were associated with diarrhoeal samples obtained from the primary school children (p\<0.05). Polyparasitism was more common in the hospitals (39.6%) compared to the schools (23%). Of all the infected individuals, 283 (51%) were infected with one parasite while 277 (49%) were infected with many parasites. Table [1](#T1){ref-type="table"} indicates the prevalence of intestinal parasitic organisms in stools of the study subjects with or without diarrhoea.

###### 

Prevalence of intestinal parasitic infections among hospital attendees and school children in the Venda region

  Parasitic organism                   Samples from hospital (n= 528)   Samples from schools (n= 295)                                                               
  ------------------------------------ -------------------------------- ------------------------------- ------------ ---------- ----------- ----------- ----------- ---------
  *Entamoeba histolytica/ E. dispar*   92 (34.2)                        24 (9.3)                        116 (22)     \<0.0001   3 (7.7)     7 (2.7)     10 (3.4)    0.111
  *Cryptosporidium* spp.               68 (25.3)                        46 (17.7)                       104 (19.7)   0.036      7 (17.9)    37(14.4)    44 (14.9)   0.568
  *Blastocystis hominis*               48 (17.8)                        5 (1.9)                         53 (10)      \<0.0001   3 (7.7)     5 (2)       8 (2.7)     0.040
  *Entamoeba coli*                     36 (13.4)                        29 (11.2)                       65 (12.3)    0.445      2 (5.1)     12 (4.7)    14 (4.7)    0.904
  *Entamoeba hartmanii*                19 (7)                           11 (4.2)                        30 (5.6)     0.162      3 (7.7)     5 (2)       8 (2.7)     0.040
  *Giardia lamblia*                    41 (15.2)                        13 (5)                          54 (10.2)    0.0001     5 (12.8)    7 (2.7)     12 (4.1)    0.003
  *Hymenolepis nana*                   16 (6)                           13 (5)                          29 (5.5)     0.640      0 (0)       2 (0.8)     2 (0.6)     0.580
  *Cyclospora cayetanensis*            32 (11.9)                        6 (2.3)                         38 (7.2)     0.0001     3 (7.7)     0 (0)       3 (1.0)     \<0.001
  *Isospora belli*                     16 (5.9)                         9 (3.4)                         25 (4.7)     0.181      2 (5.1)     0 (0)       2 (0.7)     \<0.001
  *Enterobius vermicularis*            24 (8.9)                         19 (7.3)                        43 (8.1)     0.505      3 (7.7)     4 (1.6)     7 (2.3)     0.019
  *Ascaris lumbricoides*               28 (10.4)                        22 (8.5)                        50 (9.4)     0.453      4 (10.2)    19 (7.4)    23 (7.8)    0.539
  *Trichuris trichiura*                28 (10.4)                        17 (6.5)                        45 (8.5)     0.114      2 (5.1)     4 (1.6)     6 (2.03)    0.142
  Hookworms                            31 (11.5)                        28 (10.4)                       59 (11.1)    0.789      5 (12.8)    18 (7)      23 (7.7)    0.209
  *Schistosoma mansoni*                32 (11.9)                        44 (16.9)                       76 (14.4)    0.096      4 (10.3)    45 (17.6)   49 (16.6)   0.252
  Multiple infections                  124 (46)                         85 (32.8)                       209 (39.6)              12 (30.8)   56 (21.9)   68 (23)     

Occurrence of bacterial pathogens in stool samples {#sec1_3_3}
--------------------------------------------------

One or more bacterial pathogens were detected in 467 (56.7%) samples. *Campylobacter* spp. were the most commonly-isolated organisms from diarrhoeal stools at both hospitals (24.9%) and primary schools (12.8%), followed by *Aeromonas* spp., with 20.8% occurrence in the hospitals and 12.8% in the schools. These organisms were also isolated in non-diarrhoeal samples from the hospitals and in the schools. *Vibrio* spp. were less commonly isolated from the hospitals (3%) and in the schools (0.6%). Table [2](#T2){ref-type="table"} describes the occurrence of the different bacterial organisms in diarrhoeal and non-diarrhoeal samples. Mixed infections with more than one bacterial species were more often found in the samples from the hospitals (21.7%) than in the samples from the schools (4%) (p\<0.05).

###### 

Isolation rates of bacterial pathogens from stools from hospitals and schools in the Venda region of South Africa

  Bacterial spp.               Hospital samples (n=528)   School samples (n=295)                                                          
  ---------------------------- -------------------------- ------------------------ ----------- ---------- ---------- --------- ---------- ---------
  *Campylobacter* spp.         67 (24.9)                  22 (8.4)                 89 (16.8)   \<0.0001   5 (12.8)   4 (1.6)   9 (3.05)   \<0.001
  *Salmonella* spp.            22 (8.1)                   8 (3)                    30 (5.7)    0.012      3 (7.7)    4 (1.6)   7 (2.4)    .019
  *Shigella* spp.              32 (11.9)                  13 (5)                   45 (8.5)    0.005      3 (7.7)    3 (1.2)   6 (2)      0.002
  *Aeromonas* spp.             56 (20.8)                  16 (6.2)                 78 (14.7)   \<0.001    5 (12.8)   2 (0.8)   7 (2.3)    \<0.001
  *Plesiomonas shigelloides*   24 (8.9)                   0 (0)                    24 (4.5)    \<0.001    2 (5.1)    0 (0)     2 (0.6)    \<0.001
  *Vibrio* spp.                12 (4.5)                   4 (1.5)                  16 (3)      0.001      1 (2.5)    1 (0.4)   2 (0.6)    0.123

Antimicrobial susceptibility profiles of five bacterial species {#sec1_3_4}
---------------------------------------------------------------

Table [3](#T3){ref-type="table"} represents the antimicrobial susceptibility profiles of five different bacterial species tested: *Aeromonas* spp., *Campylobacter* spp., *Salmonella* spp.*, Shigella* spp., and *Vibrio* spp. against 14 antibiotics. Most isolates of *Plesiomonas* could not be recovered and were, thus, not available for antimicrobial susceptibility. Cloxacillin, ampicillin, and erythromycin were the least effective antibiotics, with an overall susceptibility less than 30%. Ceftriaxone was the most effective antibiotic against all the organisms tested, except the *Vibrio* spp., against which ciprofloxacin was most effective. Generally, ceftriaxone, ciprofloxacin, ofloxacin, gentamicin, kanamycin, and lomefloxacin were more effective on all the bacterial pathogens tested with overall susceptibility of 91%, 89%, 86%, 81%, 78%, and 74% respectively. Resistance to more than two antibiotics was common and was observed in four (22.2%) *Vibrio* isolates, 22 (22.4%) *Campylobacter* isolates, 18 (24.3%) *Aeromonas* isolates, 7 (18.9%) *Salmonella* isolates, and 16 (31.4%) *Shigella* isolates.

###### 

Susceptibility profiles of isolates to 14 different antibiotics

  Bacterial organism            Lom   Aug   G    T    E    Cip   Cx   K    C    Ofx   NA   Ap   Cro   Lzd
  ----------------------------- ----- ----- ---- ---- ---- ----- ---- ---- ---- ----- ---- ---- ----- -----
  *Aeromonas* spp. (n=74)       86    64    76   71   50   86    0    86   50   83    53   14   92    38
  *Salmonella* spp. (n=37)      72    50    74   40   0    90    0    75   50   80    50   10   94    42
  *Campylobacter* spp. (n=98)   70    56    79   65   5    89    0    70   21   82    46   13   92    28
  *Vibrio* spp. (n=18)          65    59    82   63   63   94    6    79   69   97    54   22   85    34
  *Shigella* spp. (n=51)        ND    ND    96   38   28   84    2    81   55   86    68   36   92    ND
  Overall susceptibility        74    57    81   55   29   89    1    78   47   86    54   19   91    36

Ap=Ampicillin (10 µg); Aug=Augmentin (30 µg); C=Chloramphenicol (30 µg); Cip=Ciprofloxacin (5 µg); Cro=Ceftriaxone (30 µg); Cx=Cloxacillin (5 µg); E=Erythromycin (15 µg); G=Gentamycin (120 µg); K=Kanamycin (30 µg); Lom=Lomefloxacin (10 µg); Lzd= Linezolid (10 µg); NA=Nalidixic acid (30 µg); ND=Not done; Ofx=Ofloxacin (5 µg); T=Tetracycline (30 µg)

DISCUSSION {#sec1_4}
==========

The objectives of the study were to determine the prevalence of intestinal parasitic and bacterial infections in relation to diarrhoeal symptoms and to determine the antimicrobial susceptibility profiles of the bacterial isolates in two population groups in Vhembe district, Limpopo province, South Africa. The prevalence and the profiles of intestinal infections vary among continents and even within countries or subregions. We found that *E. histolytica/dispar*, *Cryptosporidium* spp., *S. mansoni*, hookworm, *B. Hominis*, and *G. lamblia* were the most common parasitic agents in the study population, with infection rates more than 10% which is higher than those described in Indonesia, for example, where *B. hominis* (6.52%), *E.* (3.62%), and *G. lamblia* (3.62%) were most common ([@B10]). In Karnataka, India, *Ascaris lumbricoides* was the single predominant species in both rural (79.2%) and urban (56%) populations ([@B11]). In Cape Town, South Africa, higher rates of infection were described for *Ascaris* (24.8%), *Trichuris* (50.6%), *Hymenolepis nana* (2.2%), *Enterobius* (0.6%) *Giardia* (17.3%), hookworm (0.08%), and *Trichostrongylus* (0.1%) among children attending nine schools in a low-income but well-serviced community independent of diarrhoeal symptoms ([@B12]). Of interest was the finding of *C. cayetanensis* in association with diarrhoea in our study. Similar results have been obtained from other parts of Africa, such as Nigeria and Tanzania ([@B13],[@B14]). However, we have not been able to find any documentation on infections by this organism in South Africa, and knowledge on its transmission pattern is not clearly defined.

The high prevalence of organisms, such as *E. histolytica/dispar*, *Cryptosporidium*, and *Giardia*, among the young people found in the present study is of concern and deserves careful consideration in the development of health policies in the region. This is even more important because of the lasting detrimental effects of enteric infections that occur during early childhood on later physical and cognitive development and in patients with acquired immunodeficiency syndrome on the absorption of antiretroviral drugs which are increasingly being recognized ([@B2]). Recent studies in Uganda have also indicated a strong association between the chronic infection of the gastrointestinal tract and the likelihood of developing tumors ([@B15]). With the increasing prevalence of HIV infections in the region, investigations on the role of these pathogens in the progression of disease among HIV patients is recommended since the burden of multiple infections might overwhelm the immuno-suppressed host and accelerate the evolution towards the AIDS state ([@B16]).

The global occurrence and increasingly frequent presence of bacterial pathogens, such as *Campylobacter* spp., *Aeromonas* spp., and *E. coli*, in the form of faecal coliforms in ambient and source waters suggest that the understanding of their distribution is important for public-health efforts to prevent and control outbreaks. Mostly-encountered bacterial pathogens included *Campylobacter* spp., *Aeromonas* spp., and *Salmonella* spp. Previous studies on these organisms in the region have not compared the rate among diarrhoeal and non-diarrhoeal samples. A recent study in Gaza also identified *E. histolytica/dispar* ([@B15]) and *Campylobacter coli/jejuni* ([@B5]) among other organisms as major cause of acute diarrhoea in Palestinian children aged less than five years ([@B17]). This study has, thus, revealed that these bacterial agents were significantly associated with diarrhoea in the region, with increasing resistance to antibiotic agents, such as erythromycin for *Campylobacter* spp., tetracycline for *Shigella*, and ampicillin for *Salmonella* spp. compared to previous studies ([@B6]). In Ethiopia, the susceptibility pattern of diarrhoea-causing bacteria, including *Yersinia enterocolitica*, *Shigella, E. coli*, and *Salmonella*, to gentamicin, nalidixic acid, norfloxacin, and polymyxin B was greater than 90% for the tested strains while resistance to cephalothin, ampicillin, and tetracycline was greater than 50% ([@B18]). In the present study, we found that ampicillin was not active against most organisms tested while gentamicin was effective against most organisms tested. The regular monitoring of antimicrobial resistance profiles is, thus, useful for understanding the resistance development trends in each group of organisms and is helpful in the empirical implementation of antibiotic regiments.

The results obtained in this study clearly indicate that many enteropathogenic bacteria and parasites are endemic in Vhembe district of South Africa. Emerging pathogens, such as *Cryptosporidium* and *C. cayetanensis*, which are resistant to chlorine disinfection, were found in the hospital patients and school children. All together, these pathogens can be transmitted through contaminated water or food, or poor hygiene. Factors that might be associated with the transmission of these pathogens may include low socioeconomic status, low level of education, use of unchlorinated well- or river-water, and a low level of personal hygiene. These factors reflect the living conditions, lifestyle, and environmental conditions of the local population. The level of gastrointestinal disease associated with the faecal-oral route of transmission could be decreased significantly by implementing relatively simple strategies, such as better wastewater treatment and hygiene education. Studies in Indonesia suggested that a systematic and sustained effort to teach children to (a) avoid certain types of behaviour that favours infection and (b) practise good personal hygiene are the best approaches to significant and enduring reduction of the scourge of intestinal parasitism ([@B19]). Thus, there is a great need to upgrade water-treatment procedures and sanitation standards which do not seem to be well-handled in Thohoyandou and in many other agglomerations in the region as indicated by previous research ([@B6]). Such strategies could alleviate a great deal of unnecessary sufferings and loss of productivity, reduce the number of lives lost to these diseases, and result in significant savings in healthcare costs. Further studies on the relative impact of these infections on the susceptibility to HIV transmission and child education and welfare will increase our understanding of the complex intricacies of endemic diseases and health outcome in the region.

In conclusion, the present study has demonstrated that protozoan organisms, such as *E. histolytica/dispar*, *Cryptosporidium*, *Giardia*, and *Cyclospora*, are common parasitic causes of diarrhoea in Vhembe district while *Campylobacter* spp. and *Aeromonas* are the most common bacterial causes of diarrhoea in Vhembe district of South Africa. This is the first report on the occurrence of helminthic infections in the region, showing the frequent occurrence of *A. lumbricoides*, hookworm, *Trichuris trichiura*, and *S. mansoni* in Vhembe district of South Africa. Further studies are warranted to understand the impact of these organisms on child health and their possible implication in HIV transmission and pathogenicity which constitute a growing threat to health in the region.
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